Alternating current electroluminescent technology allows the fabrication of large area, flat and flexible lights. Presently the maximum size of a continuous panel is limited by the high resistivity of available transparent electrode materials causing a visible gradient of brightness.
it unsuitable for large-area ACEL devices. Meshes of metallic nanowires are an emergent technology characterized by lower resistivity than PEDOT:PSS and graphene. However, these nanowires have several problems: the nanowire dimensions have to be accurately control to avoid failure due to mechanical stresses; 11 they suffer from optical haze due to different size and spacing from this nanowires; 8 lack electrical stability due to current-induced 26 and electromigration-induced structural damaged. 25 Carbon nanotubes (CNT) meshes have been employed in ACEL devices, 12 but their high resistivity (5kΩ/2) prevents their use in large-area devices. The search for a low resistance, transparent, flexible and stable material is still ongoing. This long-sought material would take lighting technology from the rigid confines of a glass bulb or an electronic semiconductor chip to emerging flexible substrates such as textile fibres 14 and paper technologies.
In this work we present the use of the outstanding transparent conductor FeCl 3 intercalated few-layer graphene (FeCl 3 -FLG) 5, 15, 16 for highly uniform, flexible and foldable ACEL devices.
FeCl 3 -FLG has a sheet resistance as low as 20Ω/2 and an optical transparency of 77% when using CVD-grown graphene. 16 It is highly stable against 100% humidity and temperature up to 150 o C, 17 and was shown to be a promising material for work function matched transparent electrodes in photovoltaic and organic light emitting devices 5, 16 and photodetectors. 18 We compare the performance of this emerging material against the widely-used conductive polymer PEDOT:PSS and other graphene electrodes such as single-layer graphene (SLG) and FLG. Our experimental findings demonstrate that FeCl 3 -FLG-based ACEL devices display up to 49% higher electroluminescent intensity at low operational voltage (from 40V to 180V) compared to devices embedding pristine FLG. Contrary to ACEL devices employing alternative electrode materials, the use of FeCl 3 -FLG transparent electrodes does not show any measurable gradient of the intensity of the emitted light in flat panels 4cm long and 0.8 mm wide, owing to the low sheet resistance of FeCl 3 -FLG. 16 This finding is in stark contrast to the experimentally measured 70% reduction in the intensity of the emitted light measured in ACEL devices embedding FLG electrodes. Finally, we demonstrate the performance of this outstanding transparent electrode in flexible and foldable lighting devices fabricated on polyethylene terephthalate (PET). These flexible ACEL devices are both highly flexible, durable and foldable, showing no degradation in performance under flexural strains beyond the common requirements of wearable electronics applications and over more than 1000 bending cycles. Our results pave the way for the next generation of energy efficient, flexible, high performance and large-area optoelectronics based on highly transparent and conductive electrodes. increase at the spectral peak (≈ 500nm). The emission spectra and total emitted light intensity of ACEL devices with FeCl 3 -FLG is also found to be stable in time, with no detectable change over a period of 4 months when storing the device in ambient conditions (see supplementary information). In both cases, the emission spectra have a very similar shape stemming from the flat optical transmittance of FeCl 3 -FLG and pristine FLG in the emission range of the phosphor layer. 15, 16 Hence, we fit the spectra of each ACEL device with the superposition of the four known Gaussian emission bands (λ =438nm, 464nm, 497 and 525nm) corresponding to the intraband transitions originating from sulphur vacancy states and a variety of surface states. 20 Broadening of these peaks is mainly determined by variations in the size 21 and crystalline phase 3 of phosphor particles. The average intensity for FeCl 3 -FLG electrodes was found to be systematically higher (see Supporting Information) than that of pristine FLG electrodes at any given wavelength and for any applied voltage in the range 40V < V AC < 180V , see Figure 2b . This is to be expected since the sheet resistance of FeCl 3 -FLG is approximately ten times lower than that of FLG, leading to a higher average voltage across the electrode.
In Figure 2c the light intensity at the emission peak (≈ 500nm) for devices embedding FLG and FeCl 3 -FLG electrodes is plotted as a function of V AC . The bias dependence of the average light at low operational voltage (from 40V to 180V) compared to devices embedding pristine few-layer graphene. We show that owing to the intrinsic low electrical resistivity characterizing FeCl 3 -FLG, there is no detectable reduction of the emitted light intensity moving away from the contacts. This is in stark contrast to all the other studied materials, which display a sizable light intensity reduction -up to a 70% decrease for single layer graphene electrodes 4 cm long and 0. 
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